adhesion molecules (Cork et al., 2009; De Benedetto et al., 2012; Elias and Schmuth, 2009) . Epidermal corneocytes are tightly bound with corneodesmosomes, desmosomes modified with corneodesmosin (CDSN). Kallikrein (KLK)-related peptidases degrade CDSN and other desmosome proteins leading to desquamation. Among eight KLKs expressed in epidermis (Lundwall and Brattsand, 2008) , KLK8, KLK6, and KLK13 were commonly upregulated in human AD and our model. KLK6 and KLK13 degrades desmoglein-1, one of the adhesive proteins in the corneodesmosome (Borgono et al., 2007) . KLK8 has been implicated in terminal differentiation of keratinocytes (Kuwae et al., 2002) . However, expression of the KLK inhibitor LEKTI (lymphoepithelial Kazaltype-related inhibitor), encoded by AD-associated SPINK5 gene (Walley et al., 2001) , was not changed in our model, suggesting a shift of protease-inhibitor balance towards desquamation. Another group of serine protease inhibitors expressed in skin, SERPINB3, 4, 13 (Serpinb3d, 3a, 13a in mouse), related to carcinogenesis (Meyer-Hoffert, 2009 ), were all highly upregulated.
The second barrier under the stratum corneum is tight junction in the stratum granulosum. Although the claudins were not found as the top similarity-contributing genes, claudin-1 (CLDN1, Cldn1) was downregulated in AD-induced B6 mice (but unchanged in NC/Nga mice), and claudin-23 (CLDN23, Cldn23) was downregulated in both strains. Both were selectively downregulated in AD non-lesional skin compared to psoriasis non-lesional skin (De Benedetto et al., 2012) . Non-lesional skin of AD patients is known to have an altered gene expression profile similar to that of lesional skin (Leung et al., 2004; Suarez-Farinas et al., 2011) . Comparison with the changes in non-lesional epidermal tissue from AD patients (Table 1) revealed that many of similarly expressed genes in whole AD skin tissues are also expressed in non-lesional epidermal tissue, suggesting the substantial contribution of epidermal changes to gene expression in the whole skin samples. Interestingly, the similarity score between AD-induced mice and non-lesional epidermal tissue from psoriasis patients was lower than those between ADinduced mice and AD patients ( Table 1) . Another intercellular junction protein, connexin-26 (GJB2, Gjb2), was commonly upregulated in the AD patients and our model, which was also selectively observed in AD non-lesional epidermis compared to psoriasis (De Benedetto et al., 2011) . Increased expression of aquaporin 3 (AQP3, Aqp3), which transports water as well as glycerol, and water-selective aquaporin 5 (AQP5, Aqp5) might also contribute to the change in epidermal barrier function (Table S1) .
Similarly regulated lipid/energy metabolism genes: Interestingly, the similaritycontributing genes related to lipid metabolism were downregulated in human AD and mouse models. These include fatty acid transport proteins (SLC27A2 (Slc27a2) and FABP4 (Fabp4)), regulators of lipid metabolism (PRKAA2 (Prkaa2) and THRSP (Thrsp)); lipid metabolic enzymes (ACACB (Acacb), FA2H (Fa2h), FASN (Fasn), and FAR2 (Far2)); a transcription coactivator/phosphatidase phosphatase (LPIN1 (Lpin1)) implicated in adipose tissue development; and obesity-related hormones (LEP (Lep) and ADIPOQ (Adipoq) and a downstream molecule NNAT (Nnat)). Importantly, fatty acid 2-hydroxylase (FA2H, Fa2h) accounts for the synthesis of sphingolipids in keratinocytes required for extracellular lamellar membrane formation, which is important for the epidermal permeability barrier (Uchida et al., 2007) . Top similarity-contributing genes also include other metabolic enzymes (PCK1 (Pck1), GPD1 (Gpd1) and ALDH1A1 (Aldh1a1)) and a transcriptional coactivator that regulates genes involved in energy metabolism (PPARGC1A (Ppargc1a)).
Similarly regulated immune response genes: Growth factors, cytokines, and chemokines secreted from keratinocytes, leukocytes, and stromal cells regulate inflammatory responses in the skin (Yamanaka and Mizutani, 2011) . A commonly downregulated gene, betacellulin (BTC, Btc) is one of the seven EGF receptor ligands (Shing et al., 1993) . Mice lacking the EGF receptor in keratinocytes develop AD-like skin inflammation (Franzke et al., 2012) . Interestingly, blockade of the EGF receptor signaling results in enhanced chemokine expression in keratinocytes (Mascia et al., 2003) . Such chemokines as CCL2 (mouse Ccl12), CCL5 (mouse Ccl5), and CXCL10 (mouse Cxcl10) were all upregulated and found among top similarity-contributing genes in our models. Keratinocytes also produce alarmins S100A8 and S100A9, which have both intracellular and extracellular functions. As secreted proteins, they regulate leukocyte functions such as adhesion and transendothelial migration (Ryckman et al., 2003) through binding to Toll-like receptor-4 (Vogl et al., 2007) and the receptor for advanced glycation end products (Boyd et al., 2008) . Other chemokines and cytokines or their receptors found among top similarity-contributing genes include
, and CXCR4 (Cxcr4). As described previously (Kawakami et al., 2007) , IL-4, IL-5 and IL-17 were upregulated in both mouse strains, IL-13 was upregulated only in B6 mice; IL-33 and interferon  were upregulated in NC/Nga mice; IL-25 was downregulated in both strains.
Similarly regulated extracellular matrix genes: Matrix metalloproteinases (MMPs) play an important role in tissue remodeling during inflammation (Page-McCaw et al., 2007) . MMP12, 9, and 3 were upregulated by AD induction and found as top similaritycontributing genes. In the skin, eosinophils, mast cells, Langerhans cells, and keratinocytes express MMP-9 and MMP-3. MMP-9, but not MMP-3, was shown to be upregulated in keratinocytes in response to IL-13 (Purwar et al., 2008) . Tissue inhibitor of metalloproteinases-4 (TIMP4, Timp4), which can bind MMP-3 and MMP-4, were also upregulated. Other upregulated proteins related to extracellular matrices include tenascin C (TNC, Tnc), which is a large extracellular matrix glycoprotein, and periostin (POSTN, Postn). Tenascin C expression was induced by patch tests in skin of atopic individuals (Phipps et al., 2004) , where the tenascin C-positive cells were identified morphologically as fibroblasts. Periostin expression was shown to be increased in human AD and house dust mite extract-induced mice, where periostin secreted from Th2 cytokine-stimulated skin fibroblasts induced TSLP expression in keratinocytes and TSLP in turn induced dendritic cells to differentiate T cells into Th2 cells, thus forming a vicious cycle to amplify Th2 inflammation (Masuoka et al., 2012) .
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Supplementary Materials and Methods
Determination of transepidermal water loss (TEWL) TEWL was measured on lesional skin and the dorsal skin of shaved mice by using a Tewameter TM 300 (Courage-Khazaka Electronics, Cologne, Germany) as described (Li et al., 2010) .
Microarray analysis of gene expression
Total RNA was extracted from skin using Trizol One Step RNA Reagent (BioPioneer Inc., San Diego, CA). We combined four RNA samples for AD-induced B6, three RNA samples for naive B6 mice, and two RNA samples each for naive and AD-induced NC/Nga mice. The same amount of RNA from 2-4 mice were mixed and cleaned by RNeasy Total RNA Mini Kit (Qiagen). A microarray analysis was performed using 200 ng of total RNA from each cohort and SurePrint G3 Mouse Gene Expression 8x60K arrays (Agilent Technologies) according to the manufacturer's instructions. The microarray data will be deposited in Gene Expression Omnibus upon acceptance of this manuscript (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE_). Data analysis was performed with GeneSpring software (version 11.5.1). Signal intensity was normalized by 75 percentile shift and reduced difference in the levels of beta-actin and 18S ribosomal subunit was confirmed. To eliminate genes containing only a background signal, genes were selected only if the raw values of "Expression" were more than 100. A total of 29,573 probes met this criterion and were subjected to further analysis.
Detection of similarity in expression pattern between different species was detailed elsewhere (Hoffmann et al., 2007; Lottaz et al., 2006; Yang et al., 2006) . Briefly, orthologs were collected from human and mouse microarray data sets according to the HomoloGene database build 65 (NCBI). These genes was listed in the order of fold changes, and the gene lists were compared for human and mouse data using OrderedList package on R software version 2.14.1. Similarity score is defined as follows: for a gene list , let the flipped gene list is denoted by . For two gene lists and , let equal the number of common genes in top ranks of both lists. Large indicate that the same genes accumulate in the top ranks, which suggests commonly upregulated genes. On the flipped gene lists, detect commonly downregulated genes. A similarity score is calculated as:
where is a parameter which determines the weight on both ends of the lists. Therefore, if an ortholog is ranked high at either top (upregulated) or bottom (downregulated) end in both human and mouse gene list, this ortholog contributes highly to the similarity score. By comparing a similarity score with the random distribution of the scores (the similarity scores calculated on two randomized lists) (Fig. S1B) , p-value for the significance of similarity is obtained ( Table 1) . Computation was performed at alpha=0.01151 (max rank=1000), with 1000 permutations for random distribution.
Real-time RT-PCR
RNA was extracted from skin and spleen samples. cDNA was prepared with SuperScript II reverse transcriptase (Invitrogen, Carlsbad, CA). Primers (sequences to be provided upon request) were tested for the amplification efficiency along with 18S ribosomal RNA as an internal control. Real-time RT-PCR was performed using LightCycler® 480 System (Roche Applied Science). Relative expression levels were determined using Ct method.
Histological analysis
Dorsal skin samples were fixed in 10% formaldehyde, paraffin embedded and cut into 6 m sections. Deparaffinized sections were stained with hematoxylin and eosin (H&E), toluidine blue (pH 4.0), Congo red, or Masson Trichrome (Sigma Aldrich). The remaining part of the skin was embedded in an OCT compound, snap frozen in liquid nitrogen and stored at −80°C until use. Frozen sections cut at 6 m were incubated with primary antibodies at 4°C overnight, followed by fluorochrome-conjugated secondary antibodies. Antibodies for keratin 5, keratin 1, and loricrin were generated in the Jamora laboratory (Lee et al., 2009 ). E-cadherin antibody was purchased from Invitrogen; keratin 6 antibody from Covance and collagen antibody from Chemicon. Anti-TSLP antibody was provided by Amgen. Coverslips were mounted with Prolong Gold antifade reagent with DAPI (Invitrogen). Fluorescence was observed under Zeiss Axiovert 200M Marianas system. Cells were counted under a microscope at a magnification of x400 and expressed as the total number of the cells in five high power fields per section.
Bone marrow-derived mast cells (BMMCs) and their engraftment
BMMCs were generated by culturing bone marrow cells in IL-3 (Kawakami et al., 1992) . Expression (>95% of the cells) of c-Kit and FcRI was confirmed by flow cytometry before use. Engraftment of Kit W-sh/W-sh mice with BMMCs was performed 6 weeks before the Der f/SEB experiments (Nakano et al., 1985) .
Serum IgE
Serum IgE levels were measured using an enzyme-linked immunoassay kit purchased from BD Biosciences Pharmingen.
Statistical Analysis
Data are expressed as mean ± SEM. One-way ANOVA with Tukey post-hoc test (Fig.  1A) and Student's t test (all other comparisons) was used for mean comparisons. Differences were considered statistically significant at P values < 0.05. Table S1 .
Similarity-contributing genes.
In comparison between human AD and mouse models, a gene that has higher fold changes in expression both in human and mouse contributes more to the similarity score. Each comparison gives a list of the top genes that contribute to a total of 95% of a similarity score. Twenty comparisons were performed between ten human AD datasets and two mouse models, and the genes appearing in similarity-contributing gene lists of this Table were sorted by the frequency appearing in these comparisons. A filled box indicates that the gene is listed among the top similarity-contributing genes in the comparisons. Two additional comparisons between psoriasis non-lesional epidermis and mouse models are also shown. HID, HomoloGene ID. (A) Among 29,573 gene probes, 7,475 probes were upregulated or downregulated by 2-fold or more through AD-induction in at least one strain of B6 and NC/Nga. These genes were subjected to hierarchical clustering. (B) An example of random distribution of similarity scores and observed scores in comparison between GSE32924 data set and B6 data set. Three observed similarity scores were off the random distribution, indicating a significant similarity. Random distribution was calculated by 1000 permutations. (C) RTqPCR analysis of the selected genes. Each symbol represents one mouse. , and Rag1 -/-mice, as described in Materials and Methods. k1, keratin 1; k5, keratin 5; k6, keratin 6; lor, loricrin; Ecad, E-cadherin; Col, collagen. 
